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1 I N T R O D U C T I O N  
1 .1  SYSTEM OVERVIEW 
T h i s  document descr ibes  Eastman K o d a k ' s  S t a r  S i m u l a t o r  b u i l t  f o r  
NASA under  c o n t r a c t  NAS8-36761. T h i s  equipment  is  a d u p l i c a t e  
of a s t a r  s i m u l a t o r  d e s i g n e d  f o r  u s e  i n  Kodak's  E lec t ro-Opt ics  
L a b o r a t o r y .  A p h o t o g r a p h  of t h e  completed Star S i m u l a t o r  may be 
s e e n  i n  F i g u r e  1 . 1 - 1 .  
The Star S i m u l a t o r  is  composed of two ma jo r  se l f  c o n t a i n e d  
a u b s y s t e m s ,  t h e  L i g h t  S o u r c e  and F i l t e r  Wheel a s sembly  and  t h e  
T r a n s l a t i o n  S tage  assembly; l i n k e d  toge the r  t h r o u g h  three 
f l e x i b l e  f i b e r  o p t i c  cab les .  S e c t i o n  2 descr ibes  t h e  L i g h t  
S o u r c e  and  F i l t e r  Wheel assembly  w h i l e  s e c t i o n  3 descr ibes  t h e  
T r a n s l a t i o n  Stage assembly. An o p e r a t i o n a l  modes summary is 
p r o v i d e d  i n  s e c t i o n  4, and a summary and  c o n c l u s i o n s  i n  s e c t i o n  
5 .  Appendix A p r o v i d e s  a l i s t  of c o n t r a c t  d e l i v e r a b l e s .  
1 e 2  CONTRACT REQUIREMENTS AND COMPLIANCE SUMMARY 
The c o n t r a c t  t e c h n i c a l  r e q u i r e m e n t s ,  t a k e n  from t h e  Scope  of 
Work, are  l i s t e d  i n  Table 1.2-1.  The S t a r  S i m u l a t o r  meets these  
r e q u i r e m e n t s ,  as i n d i c a t e d  i n  t h e  t a b l e .  T a b l e  1.2-1 s t a t e s  t h e  
r e q u i r e m e n t  f i r s t  and  t h e  actual  s t a r  s i m u l a t o r  c a p a b i l i t i e s  a re  
l i s t e d  below each item. Background t e c h n i c a l  i n f o r m a t i o n  is 
d i s c u s s e d  i n  l a t e r  s e c t i o n s .  
Table 1.2-1 Requi rements  and Compliance 
( 1  ) Requ i remen t :  S i m u l a t e  a f i e l d  of th ree  o r  more s tars .  
R e s u l t :  3 p i n h o l e s  on a common p l a t e  i n  an  L p a t t e r n  
w i t h  1 i n c h  c e n t e r s .  
( 2 )  Requ i remen t :  P o s i t i o n  t h e  f i e l d  i n  r e s p o n s e  t o  
e l e c t r i c a l  s i g n a l s  f rom a s t a n d a r d  computer  
i n t e r f a c e .  
R e s u l t :  Computer c o n t r o l l a b l e  t h r o u g h  a n  I E E E  488 
i n t e r f a c e  ( s e e  s e c t i o n  3.2). 
( 3 )  Re u i r e m e n t :  Package  a s  a s e l f  c o n t a i n e d  s y s t e m .  -e s u l t  System i s  modular and s e l f  c o n t a i n e d .  
( 4 )  Requ i remen t :  Mount assemblies on o p t i c a l  bench o r  
i n d i v i d u a l  bases.  
R e s u l t :  Each module i s  mounted on i t s  own 2 '  x 2 '  base. 
( 5 )  Requi rement :  O p e r a t e  i n  a l a b o r a t o r y  e n v i r o n m e n t ,  
u p g r a d a b l e  t o  vacuum w i t h o u t  e x t e n s i v e  
m o d i f i c a t i o n .  
i s o l a t e d  i n  a p r e s s u r i z e d  a rea ,  t r a n s l a t i o n  
s t age  is vacuum p r e p a r e d ,  t r a n s l a t i o n  motor  i s  
n o t ,  b u t  e a s i l y  replaced f o r  a vacuum u p g r a d e .  
R e s u l t :  Lab compatable .  L i g h t  s o u r c e  a s sembly  may be 
- 1 -  
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(6) Requirement: Power suppl ies :  s tandard 115 vac, 1 phase, 
60 Hz. 
Resul t :  Complies. 
(7) Requirement: Provide standard computer i n t e r f a c e s .  
Resul t :  Standard IEEE 488 i n t e r f a c e s  provided 
( see  sec t ion  3 . 2 ) .  
( 8 )  Requirement: Simulate s t a r s  of -2  t o  +9 v i sua l  magnitude 
(Mv) 
Resul t :  Xenon source capable of generat ing - 2  t o  +9 M v  
w i t h  no spec t r a l  f i l t e r s  and w i t h  the  BG 39 
f i l t e r  b u t  only -0.60 f o r  t he  BG 39, BG 12 
combination. Tungsten source capable of - 2  Mv 
w i t h  no f i l t e r  ( r ed  s t a r s ) ,  - 1 . 3  f o r  t he  BG 39 
f i l t e r  and  +2.4 f o r  t h e  BG 39, BG 12 
combination. Range of N D  f i l t e r s  provides for 
s t e p s  of 0.5 Mv over t he  e n t i r e  range. (see 
Tables 2.3-1 and 2.4-1)  
( 9 )  Requirement: Independently cont ro l  s t a r  magnitude. 
Resul t :  Two independent s e t s  of f i l t e r s ,  manually 
ad jus ted  w i t h  c l i c k  s t o p s  ( see  sec t ion  2 . 4 ) .  
(10)Requirement: Alter spec t r a l  output t o  s imulate  d i f f e r e n t  
Resul t :  Three co lors  possible  f o r  each l i g h t  source;  
u n f i l t e r e d ,  BG 39 and BG 39 x BG 12 
combination. Two expansion s l o t s  a r e  a v a i l a b l e  
on t h e  f i l t e r  wheel. Manually adjusted w i t h  
c l i c k  s t o p s  (see s e c t i o n  2 . 4 ) .  
color  temper a t  u res  . 
( 1  1 )Requirement: Provide an angular subtense of no more than 
Resul t :  8 micron pinhole s e l e c t e d .  With  the  128 inch 
0.5 arcseconds w i t h  an f / 1 6 ,  8 i n c h  
diameter co l l imator  . 
f o c a l  length  GFE co l l ima to r ,  i t  subtends 0.5 
arcseconds. 
(12)Requirement: Operate over a 2 degree f i e l d  w i t h  a 
precis ion of 5 mill iarcseconds.  ( s i n g l e  
a x i s  configurat ion se l ec t ed  by NASA)- 
generates  a 2.2 degree f i e l d  w i t h  128 inch f o c a l  
length  col l imator .  Minimum s t e p  s i z e  is  1 
micron (0 .063 a r c  seconds) .  GFE HP gauge 
provides 0.01 micron r e s o l u t i o n  i n  t r a n s l a t i o n ,  
corresponding t o  0.00063 a r c  seconds ( see  
sec t ion  3.4) . 
Resul t :  Single  a x i s  t r a n s l a t i o n ,  5 inches of t r a v e l ,  
(13)Requirement: Provide absolute  measurements of p o s i t i o n  
w i t h  GFE l a s e r  gauge, HP model 5528. 
Resul t :  GFE HP hardware incorporated i n t o  system ( see  
sec t ion  3 . 3 ) .  
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2 .  LIGHT SOURCE A N D  F I L T E R  WHEEL ASSEMBLY 
2.1 DETAILED LAYOUT 
A p h o t o g r a p h  of t h e  comple ted  L i g h t  Source  and  F i l t e r  Wheel 
assembly is p r e s e n t e d  i n  F i g u r e  2.1-1.  F i g u r e  2.1-2 shows t h e  
a s s e m b l y  w i t h o u t  i t s  c o v e r .  Three stars a re  s i m u l a t e d ,  two from 
t h e  xenon s o u r c e  and  o n e  from t h e  t u n g s t e n  s o u r c e .  Deta i l s  of  
t h e  l a y o u t  a re  shown i n  F igu re  2.1-3.  F i g u r e  2.1-3 shows t h e  
l o c a t i o n s  of t h e  l i g h t  s o u r c e s ,  o p t i c a l  e l e m e n t s ,  and  t h e  f i l t e r  
wheels used  f o r  i n t e n s i t y  a n d  s p e c t r a l  s e l e c t i o n .  
A s  s e e n  i n  t h e  f i g u r e ,  an  aspheric l e n s  f o c u s e s  t h e  l i g h t  o n t o  a 
p i n h o l e .  The t r a n s m i t t e d  l i g h t  is collimated u s i n g  a mic roscope  
o b j e c t i v e .  Thereaf te r ,  i t  goes t h r o u g h  n e u t r a l  d e n s i t y  f i l t e r s  
( i n t e n s i t y  c o n t r o l )  and  s p e c t r a l  f i l t e r s .  After p a s s i n g  t h r o u g h  
these f i l t e r s  a s e c o n d  microscope  o b j e c t i v e  f o c u s e s  t h e  l i g h t  
o n t o  a f i b e r  o p t i c .  The l i g h t  t r a v e l s  t h r o u g h  t h e  f i b e r  o p t i o  
t o  a n  8 mic ron  p i n h o l e  and t h u s  s i m u l a t e s  a s t a r .  Two s t a r s  are  
s i m u l a t e d  u s i n g  t h e  xenon s o u r c e  w h i l e  t h e  t u n g s t e n  s o u r c e  
s i m u l a t e s  one  s t a r .  The o p t i c a l  s y s t e m  w i l l  be f u r t h e r  
descr ibed  i n  t h i s  s ec t ion .  
2 .2  S O U R C E  S T A B I L I T Y  
I n t e n s i t y  measurements  were t a k e n  of t h e  xenon stars and  t h e  
t u n g s t e n  s ta r  as a f u n c t i o n  of time. For compar i son ,  t h e  xenon 
s t a r  measurements  were t a k e n  w i t h  and  w i t h o u t  t he  feedback  
ampl i f i e r  o p e r a t i o n a l .  I L C  xenon a rc  lamps were chosen  f o r  
t h e i r  good s t a b i l i t y  c h a r a c t e r i s t i c s .  
To pe r fo rm t h e  e x p e r i m e n t ,  an EG&G (model C550) r a d i o m e t e r  was 
p l a c e d  i n  f r o n t  of each p i n h o l e  a t  a d i s t a n c e  of  8 i n c h e s .  The 
i n t e n s i t y  was measured a t  timed 1 m i n u t e  i n t e r v a l s .  The 
recorded i n t e n s i t y  v a r i a t i o n s  a re  summarized i n  T a b l e  2.2-1.  
Figure 2.2-1 shows xenon s t a r  #1 i n t e n s i t y  v e r s u s  time w i t h  and 
w i t h o u t  t h e  feedback  a m p l i f i e r  a c t i v e .  The i n t e n s i t y  s t a b i l i t y  
improved c o n s i d e r a b l y  w i t h  the  feedback ampl i f i e r  a c t i v e .  Us ing  
t h e  feedback c i r c u i t  i n c r e a s e s  t h e  i n t e n s i t y  of t h e  o u t p u t .  The 
o n e  sigma v a r i a t i o n  is g r e a t e r  t h a n  1 %  f o r  an  i n a c t i v e  feedback 
ampl i f ie r  and  w i t h i n  1.0% w i t h  t h e  feedback ampl i f ie r  a c t i v e .  
With t h e  f e e d b a c k  c i r c u i t  a c t i v e ,  b o t h  xenon stars a re  s t a b l e  t o  
w i t h i n  1 % .  A s  e x p e c t e d ,  s i n c e  b o t h  stars are  d e r i v e d  from t h e  
same s o u r c e ,  t he i r  i n t e n s i t y  f l u c t u a t i o n s  are i d e n t i c a l .  The 
t u n g s t e n  s o u r c e  i n t e n s i t y  v a r i a t i o n s  were a l so  measured  t o  be 
l e s s  t h a n  0.4%. T h e r e f o r e ,  i t  was d e c i d e d  t o  o p e r a t e  t h e  xenon 
lamp w i t h  t h e  feedback c i r c u i t  and  t h e  t u n g s t e n  lamp w i t h o u t  
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F igu re  2.1-3 
D e t a i l e d  Sketch o f  L i g h t  Source Assembly , . 
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Table 2.2-1 Exper imen ta l  S t a b i l i t y  R e s u l t s  
L;::kS ;z;r ce Feedback C i r c u i t  (One Sigma) 
Xenon No 1.25% 
Xenon Yes  00.98% 
I n t e n s i t y  V a r i a t i o n  
No 00.4% 
2.3 R A D I O M E T R Y  
The maximum s t e l l a r  magni tude  is a f u n c t i o n  of t h e  l a m p  and  
f i l t e r  c o m b i n a t i o n s .  Rad iomet r i c  measurements  have  been made on 
t h e  stars w i t h  and  w i t h o u t  t h e  s p e c t r a l  f i l t e r s  t o  d e t e r m i n e  t h e  
maximum s t e l l a r  magn i tude  f o r  e a c h  c o m b i n a t i o n .  A ca l ib ra t ed  
EG&G r a d i o m e t e r / p h o t o m e t e r  system (model 1 5 5 0 ,  ca l ib ra t ed  i n  
March 1986)  w i t h  p h o t o m e t r i c  f i l t e r  was used  t h r o u g h o u t .  
The f i b e r  o p t i c  s y s t e m  f o r  t h e  s t a r  s i m u l a t o r  u s e s  a S i e c o r  
#104-005004 f i b e r  (50 mic ron  c o r e  d i a m e t e r )  w i t h  SMA c o n n e c t o r s  
and  m i c r o s c o p e  o b j e c t i v e s  of 5x ( N A  = 0.10)  and  l o x  ( N A  = 
0 . 2 5 ) .  The f i r s t  p i n h o l e  has a diameter of  0.635 mm. 
R a d i o m e t r i c  c a l c u l a t i o n s  show t h a t  by a s suming  the  p i n h o l e s  and  
f i b e r  o p t i c s  are o v e r f i l l e d ,  t h e  d i m e n s i o n s  of i m p o r t a n c e  are  
t h e  c o l l i m a t o r  f-number and c o l l i m a t i n g  p i n h o l e  diameter. The 
c o l l i m a t i n g  p i n h o l e  has a diameter of 8 m i c r o n s  ( t o  s a t i s f y  t h e  
0.5 a r c s e c o n d  a n g u l a r  s u b t e n s e  r e q u i r e m e n t )  and  is t h e  l i m i t i n g  
a p e r t u r e  i n  t h i s  s y s t e m .  
The r a d i o m e t e r ,  w i t h  t h e  photometric f i l t e r  a t t a c h m e n t ,  was 
p l a c e d  a d i s t a n c e  of 81.28 cm from t h e  c o l l i m a t i n g  p i n h o l e .  For 
s t e l l a r  magni tude  c a l c u l a t i o n s ,  w e  assumed a c o l l i m a t o r  f o c a l  
l e n g t h  of 325.12 cm (as s p e c i f i e d  f o r  t h e  GFE c o l l i m a t o r ) .  The 
measured  v a l u e s  were s c a l e d  t o  t h e  325.12 cm c o l l i m a t o r  d i s t a n c e  
u s i n g  a n  i n v e r s e  s q u a r e  law r e l a t i o n s h i p .  The r e s u l t s  of these 
radiometr ic  measurements  a r e  shown i n  T a b l e  2.3-1 . 
Table 2.3-1 R a d i o m e t r i c  Measurements for a 325.12 cm (128") 
f o c a l  l e n g t h  c o l l i m a t o r  
S p e c t r  a1 Measured 
Source  
Tungs ten  
Fi l ter  
None 
Co lo r  Magni tudes  
Y e l l o w / r e d  -2 .0  
BC 39 Green -1 03 
BG 39 x BG 1 2  B1 u e  +2.4 
Xenon None Ye l low/ red  -2.0 
BG 39 Green - 1  08 
BG 39 x BG 12  B1 ue  +2.4 
To o b t a i n  M V  v a l u e s  of  -2 ,  t h e  two s o u r c e s  r e q u i r e d  
a t t e n u a t i o n .  N e u t r a l  d e n s i t y  f i l t e r s  were added  i n  o r d e r  t o  
r e d u c e  t h e  maximum b r i g h t n e s s  of t h e  stars t o  a -2  v i s u a l  
magn i tude .  T h e r e f o r e ,  i n  t h e  p o s i t i o n  where t h e  f i l t e r  wheels 
-9- 
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2.4 FILTERS ( N D  and  S p e c t r a l )  
Each s ta r  has t h r e e  f i l t e r  wheels  for i n t e n s i t y  and  color  
t e m p e r a t u r e  ( s p e c t r a l )  s e l e c t i o n .  These f i l t e r  wheels c a n  be 
m a n u a l l y  r o t a t e d  t h r o u g h  f i v e  c l i c k  s t o p  p o s i t i o n s .  
Two f i l t e r  wheels c o n t a i n  n e u t r a l  d e n s i t y  ( N D )  f i l t e r s ,  f o r  
i n t e n s i t y  s e l e c t i o n .  The f i r s t  wheel has f i l t e r s  of 0.0 t o  0 .8  
i n  s t e p s  of 0.2 w h i l e  t h e  second p r o v i d e s  f i l t e r s  f rom 0.0 t o  
4.0 i n  s t e p s  of 1.0. Together,  t h e  two f i l t e r  wheels  p r o v i d e  N D  
v a l u e s  f rom 0.0 t o  4.8 i n c l u s i v e  i n  s t e p s  of 0.2. The 
comparable v i s u a l  magn i tudes  a r e  f rom -2.0 t o  +10.0 i n  s t e p s  of 
0.5 Mv. T a b l e  2.4-1 shows t h e  measured  v i s u a l  magn i tudes  vs.  
f i l t e r  wheel p o s i t i o n  f o r  t h e  three stars. Our r a d i o m e t e r  i s  
n o t  a c c u r a t e  enough t o  measure i n t e n s i t i e s  c o r r e s p o n d i n g  t o  N D  
2.0 a n d  above .  T h e r e f o r e ,  we must u s e  m a n u f a c t u r e r s  data f o r  
t h e  n e u t r a l  d e n s i t y  f i l t e r s  above t h i s  v a l u e .  The i n c l u d e d  
n o t e b o o k ,  which c o n t a i n s  m a n u f a c t u r e r s  manuals  and  da ta  shee t s ,  
i n c l u d e s  t races  p r o v i d e d  by M e l l e s - C r i o t  of t h e  o p t i c a l  d e n s i t y  
of each N D  f i l t e r .  The f i l t e r s  a r e  l abe led  t o  show the i r  
p o s i t i o n  i n  t h e  s t a r  s i m u l a t o r  . 
The t h i r d  f i l t e r  wheel c o n t a i n s  spec t r a l  f i l t e r s .  The f i r s t  
p o s i t i o n  ( s l o t  A )  i n  t h e  f i l t e r  wheel is f o r  u n f i l t e r e d  l i g h t ,  
s p e c t r a l  f i l t e r s  are p r o v i d e d  f o r  two p o s i t i o n s  (BG 39 i n  s l o t  B 
and  a c o m b i n a t i o n  of BG 39 and BG 12 i n  s l o t  C), w h i l e  t he  
f o u r t h  and  f i f t h  p o s i t i o n s  a r e  a v a i l a b l e  f o r  f u t u r e  u s e .  
Table 2.4-1 Measured Vi sua l  Magni tudes  v s .  N D  F i l t e r  
Wheel P o s i t i o n  f o r  no S p e c t r a l  F i l t e r s  
V i s u a l  Magni tude  
N D  Value Xenon Star  fl Xenon s t a r  #2 Tungs ten  S t a r  
































































3 .  T R A N S L A T I O N  STAGE ASSEMBLY 
3.1 DETAILED L A Y O U T  
Pho tographs  of t he  t r a n s l a t i o n  s t age  a s s e m b l y  a re  shown i n  
F i g u r e s  3.1-1 and  3.1-2. The t o p  view photograph ( F i g u r e  3.1-2)  
shows t h e  a r r angemen t  of t h e  t r a n s l a t i o n  s tage  assembly 
components .  The o p t i c a l  f i b e r s  e n t e r  t h e  assembly f rom t h e  
s i d e ,  a re  clamped by a s t ra in  r e l i e f  clamp, and  t e r m i n a t e  a t  t h e  
p i n h o l e  p l a t e  u s i n g  S M A  s t y l e  c o n n e c t o r s .  The th ree  p i n h o l e s  
a re  clamped w i t h i n  t h e  p i n h o l e  p l a t e  u s i n g  two hex  head b o l t s .  
The p i n h o l e s  are a l i g n e d  t o  t h e  f i be r  u s i n g  small x , y  se t  screws 
and leaf s p r i n g s  p r i o r  t o  c lamping.  A two p l a t e  o p t i c a l  ba f f l e  
c o n t r o l s  s t r a y  l i g h t  i n  t h e  f i e l d  of  view of t h e  GFE c o l l i m a t i n g  
o p t i c .  
The p o s i t i o n  of t h e  t r a n s l a t i o n  s t age  i s  m o n i t o r e d  u s i n g  a GFE 
l a se r  measurement sys t em.  The l a se r  head is mounted p a r a l l e l  t o  
the t r a n s l a t i o n  s t a g e  t o  minimize i t s  ove rhang  from t h e  
b r e a d b o a r d  p l a t e .  The beam bender  and l i n e a r  i n t e r f e r o m e t e r  
moun t ing  p o s t s  are threaded i n t o  the  b r e a d b o a r d  p l a t e  u s i n g  p o s t  
a d a p t e r s .  
To min imize  t h e  e f f ec t  of s tage yaw on measurement a c c u r a c y ,  t h e  
r e t r o r e f l e c t o r  and  p i n h o l e  p l a t e  a re  located d i r e c t l y  above  t h e  
t r a n s l a t i o n  stage b a l l  screw. The d i s t a n c e  from t h e  
r e t r o r e f l e c t o r  t o  t h e  i n t e r f e r o m e t e r  is  s h o r t  t o  min imize  t h e  
e f fec t  of t e m p e r a t u r e  changes  on  measurement a c c u r a c y .  If  t h e  
Hewlett Packard t e m p e r a t u r e  s e n s o r s  are  t o  be used  e v e n t u a l l y ,  
t h e  mater ia l  t e m p e r a t u r e  s e n s o r  s h o u l d  be mounted on t h e  
t r a n s l a t i o n  s t age  s l i d e ,  and  i t s  cable must be clamped under  t h e  
f i b e r  s t r a i n  re l ie f  t o  c o n t r o l  e x t r a n e o u s  f o r c e s  on t h e  s l i d e .  
The a i r  s e n s o r  s h o u l d  be mounted on t h e  b readboard  p l a t e  between 
t h e  l a se r  head and t h e  t r a n s l a t i o n  s tage.  
F i g u r e  3.1-3 is a pho tograph  of t h e  f r o n t  view of t h e  
t r a n s l a t i o n  s tage assembly .  The s i m u l a t e d  stars form a r i g h t  
i s o s c e l e s  t r i a n g l e ,  two s ides  of  which are  2.54 cm. l o n g .  The 
c e n t e r  of t h e  c l u s t e r  is  15.25 cm above  t h e  mount ing  s u r f a c e  and 
has a f u l l  r a n g e  of t r a v e l  of 12 .7  cm c e n t e r e d  30.5 cm from t h e  
motor  e d g e  of t h e  b readboard  plate.  
3.2 COMPUTER INTERFACE 
Both t h e  t r a n s l a t i o n  s t age  and t h e  measurement s y s t e m  a re  
commandable and readable  th rough  a s t a n d a r d  I E E E  488 i n t e r f a c e .  
Dev ice  p r o t o c o l  and commands a r e  p r e s e n t e d  i n  t h e  m a n u f a c t u r e r ' s  
data  sheets .  No s o f t w a r e  is s u p p l i e d  w i t h  t h e  Star  S i m u l a t o r .  
3 . 3  GFE HARDWARE 
The GFE hardware c o n s i s t s  of t h e  Hewlett Packard  Laser P o s i t i o n  























equipment  are 
I T E M  
5508A Measurement D i s p l a y  
551 8 A  Laser Head 
55280A L i n e a r  Measurement K i t  
10751A Air S e n s o r  
107528 Mater ia l  Temperature S e n s o r  
T h i s  hardware w i l l  be r e t u r n e d  t o  N A S A  a t  c o n t r a c t ' s  end.  It 
s h a l l  be s h i p p e d  a l o n g  w i t h  t h e  s tar s i m u l a t o r .  
3 . 4  EXPERIMENTAL D A T A  O N  TRANSLATION STAGE 
The t r a n s l a t i o n  s tage expe r imen t  was conduc ted  i n  t h e  manual 
mode. The e x p e r i m e n t a l  p rocedure  f o l l o w e d  was t o  move t h e  s tage  
10  s i n g l e  s t e p s  i n  one  d i r e c t i o n ,  t h e n  10  s i n g l e  s t e p s  back t o  
i t s  s t a r t i n g  p o s i t i o n .  T h i s  expe r imen t  was per formed o n c e  w i t h  
no  l o a d ,  and  a s e c o n d  time wi th  a 2 .2  k g  weight  placed upon t h e  
s t age .  
The measurement  d e v i c e  was a Hewlett Packard  Laser Measurement 
System i d e n t i c a l  t o  t h a t  s p e c i f i e d  f o r  u s e  i n  t h e  S t a r  
S i m u l a t o r .  
RESULTS : 
0 0.1 micron  Measurement U n c e r t a i n i t y  - 
Step  Size 1.0 mic rons  
S t ep  S i z e  V a r i a b i l i t y  0 0.1 mic ron  ( 3  s i g m a )  
T 0.1 micron  B a c k l a s h  - 
NOTE: 0.005 ARCSECONDS X 128" FOCAL LENGTH = 0.079 MICRONS 
4. O P E R A T I O N A L  MODES SUMMARY 
An e s s e n t i a l  p a r t  of t h i s  o p e r a t i o n a l  modes summary is t h e  
no tebook  which c o n t a i n s  a l l  t h e  m a n u f a c t u r e r ' s  manua l s  and data  
sheets  t h a t  were p r o v i d e d  w i t h  t h e  p u r c h a s e d  equ ipmen t .  The 
o p e r a t i o n a l  modes summaries  and assembly  i n s t r u c t i o n s  assume 
f a m i l i a r i t y  w i t h  t h i s  notebook.  D e t a i l s  and ske tches  of t h e  
m a n u f a c t u r e d  components may a l s o  be found  i n  t h i s  no tebook .  
4.1 LIGHT SOURCE AND FILTER WHEEL ASSEMBLY 
4.1.1 O p e r a t i o n a l  Notes  
The o n l y  r o u t i n e l y  a d j u s t a b l e  o p t i c a l  s y s t e m  components a re  t h e  
f i l t e r  wheel assemblies which c o n t a i n  t h e  n e u t r a l  d e n s i t y  and  
s p e o t r a l  f i l t e r s .  A l l  e lec t r ica l  equipment  f o r  t h e  o p t i c a l  
system assembly  o p e r a t e s  on c o n v e n t i o n a l  115 V A C ,  60 Hz power.  
The o p t i c a l  s y s t e m  n e e d s  four (4) o u t l e t s  f o r  o p e r a t i o n .  The 
operator  r e s p o n s i b l i t i e s  i n c l u d e  t u r n i n g  on and o f f  t h e  l i g h t  














o a l i b r a t i o n  and  r e p l a c i n g  t h e  lamp b u l b s  when n e c e s s a r y .  These 
tasks are accomplished as f o l l o w s .  
1 ,  T u r n i n g  on t h e  l i g h t  s o u r c e s .  
The o p t i c s  assembly c o n t a i n s  t u n g s t e n  and  xenon l i g h t  
b o u r c e s .  The t u n g s t e n  source is  a n  Oriel  model #6430 and 
has two power cords (one  for t h e  t r a n s f o r m e r  and  t h e  o t h e r  
f o r  t h e  h o u s i n g  f a n ) .  There is no i n t e r l o c k  t o  i n s u r e  t h a t  
t h e  h o u s i n g  f a n  is r u n n i n g  when t h e  l i g h t  s o u r c e  is t u r n e d  
on.  The Xenon s o u r c e  is an ILC 300 Watt xenon a rc  s o u r c e .  
There  are a l s o  two c o r d s  for t h i s  s o u r c e  (power s u p p l y  and  
feedback c i r c u i t  c o r d s )  . One s h o u l d  o b s e r v e  c a u t i o n s  
p o i n t e d  o u t  by t h e  s o u r c e  m a n u f a c t u r e r s  w i t h  respec t  t o  
l o o k i n g  i n t o  t h e  l i g h t  s o u r c e s .  The m a n u f a c t u r e r s  manuals  
are p r o v i d e d  i n  t h e  accompanying no tebook .  The b u l b  used  by 
I L C  i n  t he i r  xenon s o u r c e  is c o a t e d  t o  a b s o r b  t he  
u l t r a v i o l e t  and  t h u s  p r o t e c t  a g a i n s t  ozone  c r e a t i o n .  P r o p e r  
o l e a r a n c e s  must  be p rov ided  n e a r  t h e  a i r  v e n t s  t o  i n s u r e  
t h a t  t h e  u n i t  d o e s  n o t  o v e r h e a t .  
2. Changing  I n t e n s i t y  
Two f i l t e r  wheels of f i v e  (5) p o s i t i o n s  each are p r o v i d e d  t o  
change  i n t e n s i t y .  The r e l a t i o n s h i p  be tween s t a r  v i s u a l  
m a g n i t u d e s  and  f i l t e r  wheel p o s i t i o n s  is shown i n  Table 
4.2-1. These v i s u a l  magni tudes  are based upon a 128" foca l  
l e n g t h  c o l l i m a t o r  ( G F E )  . 
T a b l e  4.2-1 Star  V i s u a l  Magnitude v s .  F i l t e r  Wheel P o s i t i o n  














































Wheel P o s i t i o n  



























The f i l t e r  wheels a r e  r o t a t e d  by l i f t i n g  t h e  h i n g e d  cove r  of  
t h e  o p t i c a l  a s sembly  and r o t a t i n g  t h e  wheels. The f i l t e r  
wheels a re  labe led  (on t o p )  and have c l i c k  s t o p s .  
3 .  Changing C o l o r s  
C o l o r  changes  are  accompl ished  t h r o u g h  u s e  of a f i v e  h o l e  













39 f i l t e r ,  S l o t  C a combina t ion  of  S c h o t t  BG 39 and  BG 1 2  
wh i l e  t h e  l a s t  two s l o t s  (D b E )  are  empty  and  a v a i l a b l e  f o r  
f u t u r e  f i l t e r  combina t ions .  The f i l t e r  wheels  have  c l i c k  
s t o p s  and  the  P o s i t i o n s  are l a b e l e d  A t h r o u g h  E (on  t o p  of 
t h e  f i l t e r  wheel )  c o r r e s p o n d i n g  t o  t h e  d e s c r i p t i o n  above .  
The h inged  cove r  of t h e  o p t i c a l  a s s e m b l y  must  be l i f t e d  i n  
order t o  r o t a t e  t h e  f i l t e r  wheels. 
4. T u r n i n g  off t h e  u n i t  
Turn  off and  unp lug  t h e  power s u p p l i e s .  Then open  t h e  box 
and  t u r n  o f f  t h e  feedback  c i r c u i t .  Be c a r e f u l  of t h e  xenon 
and  t u n g s t e n  lamps.  Pro longed  u s e  w i l l  c a u s e  these s o u r c e s  
t o  get ho t .  Care s h o u l d  be  t a k e n  t o  a v o i d  t o u c h i n g  t h e  
s o u r c e s  for a b o u t  15 minu tes  a f t e r  t h e  u n i t  has been t u r n e d  
o f f .  
5 .  Changing  t h e  Bulb 
M a n u f a c t u r e r s  manuals  f o r  t h e  l i g h t  s o u r c e s  are p r o v i d e d  i n  
a separa te  notebook.  They e x p l a i n  t h e  b u l b  c h a n g i n g  
o p e r a t i o n  i n  d e t a i l .  Again,  u s e  t h e  h inged  box t o p  f o r  
a c c e s s  t o  t he  l amps .  To remove t h e  l amps ,  u n b o l t  t h e  f o u r  
c o r n e r s  of t h e  mount ing  p la te .  Care s h o u l d  be e x e r c i s e d  i n  
c h a n g i n g  t h e  b u l b  s i n c e  t h e  lamp h o u s i n g  w i l l  be v e r y  ho t  
f o r  15 m i n u t e s  a f t e r  the Star  S i m u l a t o r  is t u r n e d  o f f .  
6. C a l i b r a t i o n  Check. 
The c a l i b r a t i o n  of t h e  s t a r  s i m u l a t o r  may be checked by 
p l a c i n g  a p h o t o m e t r i c  d e t e c t o r  (e .g .  EG&G model  X550 
r a d i o m e t e r / p h o t o m e t e r )  a t  a known d i s t a n c e  from t h e  
p i n h o l e .  The i l l u m i n a n c e  i s  measured  and  t h e n  scaled f o r  
t h e  c o l l i m a t o r  t o  be u s e d .  The s c a l i n g  is  accompl i shed  v i a  
u s e  of an  i n v e r s e  s q u a r e  law r e l a t i o n s h i p .  The e q u a t i o n  i s  
where f is t h e  f o c a l  l e n g t h  and  s is t h e  measured d i s t a n c e .  
The v i s u a l  magni tude  is t h e n  c a l c u l a t e d  from t h e  e q u a t i o n  
Hv = - l o g  ( E v )  - l o g  (2.54 x / l O g ( 2 . 5 1 2 )  
For example ,  if t h e  f l u x ,  E i s  measured as 1 x 10-3 
l u x  a t  s = 32", t h i s  would 8 6 r r e s p o n d  t o  a n  i l l u m i n a n c e  of 
6.25 x a t  t h e  c o l l i m a t o r  (128  i n c h  f o c a l  l e n g t h  
c o l l i m a t o r )  and a v i s u a l  magni tude  of -3.47. For t h i s  
c o l l i m a t o r ,  a v i s u a l  magni ude of -2  c o r r e s p o n d s  t o  a n  
i l l u m i n a n c e  of 1.603 x l u x ,  128 i n c h e s  f rom t h e  
p i n h o l e .  
4.1 . 2  I n i t i a l  Assembly ( L i g h t  Source  and F i l t e r  Wheel A s s e m b l y )  
The  l i g h t  s o u r c e  and f i l t e r  wheel assembly w i l l  be  s h i p p e d  i n  
f o u r  c o n t a i n e r s .  The f i r s t  two c o n t a i n  t h e  power s u p p l i e s  f o r  
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t h e  two l i g h t  s o u r c e s ;  t h e  t h i r d  c o n t a i n s  t h e  basepla te ,  h o u s i n g  
and moun t ing  hardware; t h e  fou r th  c o n t a i n s  t h e  items l i s t e d  
b e l  ow . 
Xenon a rc  l a m p  
Tungs ten  b u l  b 
2 A s p h e r i c  l e n s e s  
5 m i c r o s c o p e  o b j e c t i v e s  
2 beamspl i t ters  
Achromat l e n s  
Detect or 
Mirror 
3 F i l t e r  Wheel assemblies 
3 F i b e r  op t i c s  
2 round  ND f i l t e r s  
The a s sembly  and a l i g n m e n t  p rocedure  f o r  each of these 
assemblies is  descr ibed below. If  des i r ed ,  remove t h e  h o u s i n g  
before b e g i n n i n g  a l i g n m e n t .  The h o u s i n g  is removed by u n b o l t i n g  
t h e  s c r e w s  on t h e  s i d e  c o n n e c t i n g  i t  t o  t h e  baseplate.  Refer t o  
F i g u r e  2.1-2 f o r  a photograph  of t h e  assembled s y s t e m .  
( 1 )  Xenon Arc Lamp 
I n s t a l l  t h e  xenon a r c  lamp a c c o r d i n g  t o  t h e  
m a n u f a c t u r e r ' s  d i r e c t i o n s  packaged w i t h  t h e  lamp. 
(2) Tungs ten  Bulb 
I n s t a l l  a c c o r d i n g  t o  t h e  m a n u f a c t u r e r ' s  d i r e c t i o n s  on 
page 1 of t h e  O p e r a t i n g  I n s t r u c t i o n s .  B e  s u r e  n o t  t o  
put f i n g e r p r i n t s  on  the b u l b  as these may c a u s e  b u l b  
f a i l u r e .  
( 3 )  Power S u p p l i e s  
Connect  t h e  power s u p p l i e s  a c c o r d i n g  t o  t h e  
m a n u f a c t u r e r ' s  i n s t r u c t i o n s .  Turn on t h e  lamps t o  
check f o r  p rope r  l a m p  o p e r a t i o n .  
(4) F i l t e r  Wheel Assembl ies  
The f i l t e r  wheel a s s e m b l i e s  are  labeled A ,  B and  C .  
With t h e  l i g h t  s o u r c e s  t u r n e d  o f f ,  mount t h e  f i l t e r  
wheel assemblies on t o p  of t h e  3" p l a t f o r m  p o s t s ,  u s i n g  
t h e  screws p r o v i d e d .  I n  order t o  m a i n t a i n  t h e  
pe r fo rmance  descr ibed i n  t h i s  r e p o r t ,  mount assembly A 
i n  t h e  p a t h  of t h e  Tungs ten  s o u r c e ,  assembly B i n  t h e  
re f lec ted  p a t h  of t h e  xenon s o u r c e  ( m i d d l e  f i b e r  o p t i c  
cab le ,  Xenon s tar  #2) and  a s sembly  C i n  t h e  t r a n s m i t t e d  
p a t h  of t h e  xenon s o u r c e  (Xenon s t a r  #l). Mount t h e  
assemblies w i t h  t h e  n e u t r a l  d e n s i t y  f i l t e r  wheels  
f a c i n g  t h e  l i g h t  s o u r c e s .  
(5) Aspheric Lenses  
Place t h e  two a s p h e r i c  l e n s e s  i n  t h e  p o s t  h o l d e r s  
d i r e c t l y  i n  f r o n t  of t h e  l i g h t  s o u r c e s .  The pos t  
c o l l a r s  have  been p l aced  t o  m a i n t a i n  t h e  p r o p e r  beam 
h e i g h t .  O r i e n t a t e  t h e  l e n s e s  s u c h  t h a t  t h e  aspher ic  
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(6) Large P i n h o l e s  
Place t h e  large p i n h o l e  (diameter = 1 / 4 0 " )  i n  t h e  p o s t  
holder beh ind  t h e  aspheric l e n s  i n  t he  xenon beam. 
With t h e  l i g h t  s o u r c e  o n ,  r o t a t e  t h e  aspher ic  l e n s  and  
a d j u s t  t he  p i n h o l e  p o s i t i o n  t o  maximize t r a n s m i s s i o n  
t h r o u g h  t h e  p i n h o l e .  The s o u r c e  w i l l  be v e r y  i n t e n s e  
a t  t h e  f o c u s .  The p i n h o l e  w i l l  c u t  down on  t h e  
unwanted l i g h t  p r o p a g a t i n g  t h r o u g h  t h e  r e s t  of t h e  
system. S i n c e  i t  b locks  most  of t h e  unused  l i g h t ,  t h e  
p i n h o l e  and  its h o l d e r  w i l l  g e t  hot a f t e r  p r o l o n g e d  
u s e .  
Place t h e  200 micron  p i n g o l e  i n  t h e  p o s t  h o l d e r  b e h i n d  
t h e  aspheric l e n s  i n  t h e  t u n g s t e n  beam. Repeat t h e  
a l i g n m e n t  p r o c e d u r e  d e s c r i b e d  above .  . 
( 7 )  Microscope  O b j e c t i v e s  
Place t h e  two 5x microscoDe o b . i e c t i v e s  i n  t h e  Dost 
ho lders  d i r e c t l y  behind the  p i i h o l e s .  
c o l l a r s  have  been p laced  t o  m a i n t a i n  t h e  p r o p e r  beam 
h e i g h t .  A d j u s t  t he  a x i a l  and  a n g u l a r  p o s i t i o n  of t h e  
m i c r o s c o p e  o b j e c t i v e s  u n t i l  t h e  beam passes s t r a i g h t  
t h r o u g h  t h e  f i l t e r  w h e e l  assemblies. 
Again ,  t h e  p o s t  
Place t h e  10x microscope  o b j e c t i v e s  i n  t h e  p o s t  holders  
be tween t h e  f i l t e r  whee l  assemblies and  t h e  f i b e r  
o p t i c s  holders . 
( 8 )  F i b e r  O p t i c s  
I n s e r t  one  end  of t h e  f i b e r  o p t i c  i n t o  t h e  f i b e r  o p t i c  
ho lder .  Use t h e  a d j u s t m e n t s  on t h e  f i be r  o p t i c  h o l d e r  
and  t h e  m i c r o s c o p e  o b j e c t i v e  ho lder  for a x i a l  and  
a n g u l a r  a l i g n m e n t .  The f i b e r  op t i c s  are i d e n t i c a l  and  
t h u s  i n t e r c h a n g a b l e .  
(9) D e t e c t o r  for Xenon Feedback C i r c u i t  
Place t h e  d e t e c t o r  in t h e  p o s t  h o l d e r  i n s i d e  t h e  s t r a y  
l i g h t  baf f le ,  p a s s i n g  t h e  cable t h r o u g h  t h e  o p e n i n g  i n  
t h e  rear of t h e  b a f f l e .  Connect  t h e  d e t e c t o r  t o  t h e  
feedback  a m p l i f i e r  a c c o r d i n g  t o  t h e  m a n u f a c t u r e r ' s  
d i r e c t i o n s .  
( 1 0 )  Achromat l e n s  
Place t h e  l e n s  in t he  p o s t  holder  d i r e c t l y  i n  f r o n t  of 
t h e  de tec tor .  
( 1 1 )  Beams l i t t e r s  
*oated b e a m s p l i t t e r  ( p l a t e  g l a s s )  i n  t h e  
s i n g l e  f i l t e r  holder d i r e c t l y  beh ind  t h e  5x  microscope  
o b j e c t i v e  i n  t h e  xenon beam. It s h o u l d  be  a t  
a p p r o x i m a t e l y  a '15' a n g l e .  T h i s  beamspl i t te r  s e n d s  












o i r c u i t .  A d j u s t  t h e  beamspl i t te r  and  t h e  ach romat  u n t i l  
t h e  f o c u s e d  beam f a l l s  a t  t h e  c e n t e r  of t h e  d e t e c t o r .  
Place t h e  c o a t e d  beamsplit ter i n  t h e  s i n g l e  h o l d e r  
d i r e c t l y  i n  f r o n t  of t h e  f i l t e r  wheel assembly  i n  t h e  
xenon beam. T h i s  b e a m s p l i t t e r  s h o u l d  a l so  be a t  a 
45' a n g l e .  
between t h e  two s t a r s .  One beam s h o u l d  go s t r a i g h t  
t h r o u g h  w h i l e  t h e  o t h e r  goes  t o  t h e  m i r r o r .  Each s i d e  
of t h e  beamspl i t ter  is labeled 1 or 2. The s i d e  
labe led  1 s h o u l d  f a c e  t h e  f i l t e r  wheel i n  t h e  
t r a n s m i t t e d  beam. 
I t ' s  j o b  is t o  s p l i t  t he  beam e q u a l l y  
( 1 2 )  Mirror 
Place t h e  mirror i n  t h e  p o s t  h o l d e r  i n  f r o n t  of t h e  
f i l t e r  wheel assembly f o r  t h e  s e c o n d  xenon s t a r .  
R o t a t e  t h e  mirror u n t i l  t h e  beam passes s t r a i g h t  
t h r o u g h  t h e  f i l t e r  w h e e l s .  Use t h e  f i n e  a n g u l a r  
a d j u s t m e n t s  on t h e  m i r r o r  mount as n e c e s s a r y .  A l ign  
t h e  mic roscope  o b j e c t i v e  and  f i b e r  o p t i c  as descr ibed  
p r e v i o u s l y .  
(13)  N D  F i l t e r s  
Place t h e  N D  1 .0  f i l t e r  i n  t h e  s i n g l e  f i l t e r  holder  
between t h e  two beamspli t ters .  Place t h e  0.2 ND f i l t e r  
i n  t h e  s i n g l e  f i l t e r  holder  between t h e  c o a t e d  
beamspl i t ter  and t h e  mirror.  
( 1 4 )  Feedback A m p l i f i e r  
Connect  t h e  feedback ampl i f i e r  a c c o r d i n g  t o  
m a n u f a c t u r e r ' s  i n s t r u c t i o n s .  
(15) Hous ing  
To r e p l a c e  t he  hous ing ,  remove t h e  f i be r  op t i c s  from 
t h e i r  h o l d e r s  and d i s c o n n e c t  t he  power s u p p l i e s .  Pass 
the  c o r d s  t h r o u g h  t h e  o p e n i n g s  i n  t h e  back  of t h e  
h o u s i n g  and  l i f t  t h e  h o u s i n g  o v e r  t h e  t o p  of t h e  
a s sembly .  Reconnect  t h e  power s u p p l i e s  and r e i n s e r t  
t h e  f i b e r  op t i c s .  Ad jus t  t h e  a l i g n m e n t  i f  n e c e s s a r y .  
( 1 6 )  F i n a l  Alignment  
Connect  t h e  f iber  opt ics  t o  t h e  p i n h o l e  p l a t e  on t h e  
t r a n s l a t i o n  s t age  assembly. Us ing  a radiometer,  a d j u s t  
t h e  a l i g n m e n t  of t h e  lox m i c r o s c o p e  o b j e c t i v e s  and t h e  
f i be r  o p t i c s  u n t i l  t h e  l i g h t  t h r o u g h  t h e  8 micron  
p i n h o l e  s i m u l a t e s  a -2 Mv s t a r .  B e  s u r e  a l l  t h e  f i l t e r  
wheels are  i n  t h e  open p o s i t i o n .  Refer t o  s e c t i o n  2.3 




4.2  TRANSLATION STAGE ASSEMBLY 
4.2.1 T r a n s l a t i o n  Stage 
The manual mode c a p a b i l i t i e s  of t h e  t r a n s l a t i o n  s tage i n c l u d e  
t h e  a b i l i t i e s  t o  
1 .  Move a S i n g l e  Step 
2. Slew a t  s e l e c t e d  r a t e  
3 .  S t e p  selectable  number of s t e p s  a t  se lec tab le  r a t e  
4. Step t o  a b s o l u t e  p o s i t i o n  w i t h  r e spec t  t o  home 
p o s i t i o n  
The o p e r a t o r  has t h e  o p t i o n  of d i s p l a y i n g  t h e  r e l a t i v e  or 
a b s o l u t e  p o s i t i o n ,  i n  s t e p s .  
Refer t o  t h e  m a n u f a c t u r e r ' s  o p e r a t i n g  i n s t r u c t i o n s  f o r  d e t a i l s  
of these c a p a b i l i t i e s .  
For  t h e  computer  c o n t r o l  mode, a n  i n t e r f a c e  is a v a i l a b l e  which 
allows manual mode c a p a b i l i t i e s  t o  be e x e r c i s e d  by a 
u s e r - s u p p l i e d  computer .  
4 .2 .2  MEASUREMENT SYSTEM 
The manual mode capab i l i t i e s  of t h e  l aser  measurement  s y s t e m  
i n c l u d e  t h e  a b i l i t i e s  t o  
1 .  Set  Home P o s i t i o n  
2. Select  R e s o l u t i o n  down t o  0.01 m i c r o n s  
3. Read Stage P o s i t i o n  
An i n t e r f a c e  is  a v a i l a b l e  which a l l o w s  manual mode c a p a b i l i t i e s  
t o  be e x e r c i s e d  by a u s e r - s u p p l i e d  computer .  
R e f e r  t o  t h e  u s e r ' s  g u i d e  p rov ided  by t h e  m a n u f a c t u r e r  f o r  
d e t a i l s  of o p e r a t i o n .  
4 .2 .3  I N I T I A L  ASSEMBLY 
The i n i t i a l  a s sembly  of t h e  t r a n s l a t i o n  s tage subassembly  
c o n s i s t s  of s e v e n  s t e p s .  The p r o p e r  l o c a t i o n s  of t h e  components 
are  marked on t h e  b r e a d b o a r d  p l a t e  and  labeled w i t h  removable  
t a g s .  The components are f a s t e n e d  w i t h  1/4-20 bo l t s  u n l e s s  
o t h e r w i s e  s t a t ed .  
( 1 )  T r a n s l a t i o n  S tage  
I n s t a l l  two of t h e  f o u r  b o l t s ,  t h e n  m a n u a l l y  r o t a t e  t h e  
d r i v e s c r e w  on t h e  t r a n s l a t i o n  s tage u n t i l  t h e  f i n a l  two 
b o l t s  can  be i n s t a l l e d .  
( 2 )  Mounting F i x t u r e s  and Baffles 
I n s t a l l  Laser Mount 1 w i t h  t h e  c o u n t e r s i n k s  f a c i n g  
upwards.  
t h e  b readboard  as shown i n  F i g u r e  4.2-1.  Screw t h e  two 
I n s t a l l  l a s e r  mount 2 so  t h a t  i t  o v e r h a n g s  
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post a d a p t e r s  i n t o  t h e  l o c a t i o n s  marked  on  t h e  
b r e a d b o a r d .  DO NOT o v e r t i g h t e n .  
Bol t  t h e  p i n h o l e  ba f f l e  o n t o  t h e  f r o n t  face of t h e  
t r a n s l a t i o n  s t age .  Mount t h e  s tage ba f f l e  o n t o  t h e  
f r o n t  edge  of t h e  b readboard .  
I n s t a l l  t h e  r e t r o  mount o n t o  t h e  t r a n s l a t i o n  s tage w i t h  
t he  c o u n t e r s i n k s  f a c i n g  t h e  t r a n s l a t i o n  s tage  moto r .  
( 3 )  I n t e r f e r o m e t e r  Components 
Bolt  t h e  f r o n t  mounting pads  of t h e  laser head t o  l aser  
mount 1 so t h e  rear mounting pad f l o a t s  on  l a se r  mount 
2. Screw two Hewlett Packard pos t s  o n t o  t h e  post  
adapters .  
Attaoh t h e  beam bender t o  t h e  rear post  u s i n g  t h e  HP 
p o s t  clamp and mounting b o l t s  s o  t h e  beam is def lec ted  
t o w a r d  t h e  f r o n t  of the  assembly.  
S i m i l a r l y ,  mount t h e  l i n e a r  i n t e r f e r o m e t e r  t o  deflect  
t h e  beam toward  t he  t r a n s l a t i o n  s tage moto r .  The 
r e t r o r e f l e c t o r  component is  on t h e  f r o n t  s i d e  of t h e  
beam s p l i t t e r  component. 
Use HP mount ing  bolts t o  reach t h r o u g h  the  holes  i n  t h e  
r e t r o  mount and t h r e a d  i n t o  t h e  r e t r o r e f l e c t o r .  
( 4 ) I n t e r f e r o m e t e r  Alignment 
With t h e  laser  on, and t h e  small a p e r t u r e  i n  place,  u s e  
t h e  m a g n e t i c  a l ignmen t  a ids  i n  t h e  f o l l o w i n g  p o s i t i o n s ,  
as i n d i c a t e d  i n  F i g u r e  4.2-1 
ALIGNMENT 
O P E R A T I O N  
Se t  beam bender  
h e i g h t  
Set  beam bender  
a n g l e  
A I D  POSITION ADJUSTMENT 
A Move t h e  beam bender  up 
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t h e  p o s t  u n t i l  t h e  beam 
passes t h r o u g h  t h e  u p p e r  
ho le  i n  t h e  a l i g n m e n t  
a i d  
R o t a t e  t h e  beam bender  
and  a d j u s t  t h e  
i n t e r f e r o m e t e r  h e i g h t  
u n t i l  t h e  beam passes 
t h r o u g h  t h e  uppe r  h o l e  
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Set  i n t e r f e r o m e t e r  
a n g l e  
T w e a k  Component 
a n g l e s  
F i n a l  Check 
c ,E: R o t a t e  t h e  i n t e r f e r o m e t e r  
u n t i l  t h e  beam p a s s e s  t h r o u g h  
t h e  upper  hole  i n  t h e  
a l i g n m e n t  a i d  a t  E. If t he  
beam l e v e l  is wrong,  a d j u s t  
t he  a n g l e  of t h e  l a se r  head 
u s i n g  t h e  l e v e l i n g  screw. 
B With  t h e  beam p a s s i n g  
t h r o u g h  t h e  t o p  ho le  i n  
t h e  a l i g n m e n t  a i d  a t  B, 
a d j u s t  t h e  beam bender  
and  i n t e r f e r o m e t e r  u n t i l  
b o t h  r e t u r n  beams h i t  
t h e  lower  c r o s s h a i r  on  
t h e  a l i g n m e n t  a i d  
( w i t h i n  l m m ) .  
None Both r e t u r n  beams s h o u l d  
be a l i g n e d  w i t h  t h e  
lower  a p e r t u r e  or t he  
laser  head. Open the  
lower a p e r t u r e  and 
remove t h e  small 
a p e r t u r e  f rom t h e  uppe r  
a p e r t u r e .  
( 5 )  P i n h o l e  Alignment  
Connect  t h e  f i b e r  oDtic cable t o  t h e  back of t h e  
p i n h o l e  p l a t e  u s i n g -  t h e  SMA c o n n e c t o r s .  The p i n h o l e s  
have  been i n s t a l l e d  i n  t h e  p i n h o l e  p l a t e .  D i r e c t i o n s  
I or a d j u s t m e n t  or r e p l a c e m e n t ,  i f  desired,  are  
p r e s e n t e d  here. 
I n s t a l l  p i n h o l e s  and leaf s p r i n g s  i n  t h e  clamp p l a t e  s o  
t h a t  t h e  leaf s p r i n g  pushes  t h e  p i n h o l e  a g a i n s t  t h e  x , y  
s e t  screws. I n s t a l l  t h e  clamp p l a t e  on t h e  p i n h o l e  
p l a t e  and  f i n g e r  t i g h t e n  t h e  clamp b o l t s .  A d j u s t  t h e  
p i n h o l e  p o s i t i o n s  u s i n g  t h e  s e t  screws t o  maximize t h e  
l i g h t  o u t p u t  f rom each s t a r .  F i n a l l y ,  t i g h t e n  t h e  
clamp b o l t s .  
(6) P i n h o l e  P l a t e  
I n s t a l l  t h e  p i n h o l e  p l a t e  o n t o  t h e  t r a n s l a t i o n  s tage  s o  
t h a t  t h e  p i n h o l e s  a r e  loca ted  o v e r  t h e  d r i v e  screw and 
are c e n t e r e d  on t h e  p i n h o l e  baf f le  a p e r t u r e .  
(7) F i b e r  S t r a i n  Relief 
I n s t a l l  and f i n g e r  t i g h t e n  t h e  f i b e r  s t r a i n  r e l i e f  so 
t h a t  some s lack  e x i s t s  t h r o u g h o u t  t h e  r a n g e  of s tage 
t r a v e l .  
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Eastman Kodak has manufac tu red  a S t a r  S i m u l a t o r  for NASA under  
oontract  NAS8-36761. The S t a r  S i m u l a t o r  is  a s i n g l e  a x i s  s y s t e m  
which c o n s i s t s  of two assemblies; a l i g h t  s o u r c e  and  f i l t e r  
wheel assembly and  a t r a n s l a t i o n  s tage  assembly as desc r ibed  i n  
s e c t i o n s  2 and 3. The assemblies are se l f  c o n t a i n e d  on 60.96 x 
60.96 cm b r e a d b o a r d s  and  a re  connec ted  v i a  t h r e e  f i b e r  o p t i c  
cables.  The S t a r  S i m u l a t o r  s a t i s f i e s  t h e  r e q u i r e m e n t s  o u t l i n e d  
i n  t h e  s e c t i o n  1 .2 .  T a b l e  1 .2 -1  d e t a i l s  t h e  c o n t r a c t  t e c h n i c a l  
r e q u i r e m e n t s  and  t h e  r e s u l t s  a c h i e v e d .  A n u m e r i c a l  summary is 
p r o v i d e d  as Tab le  5.1-1. 
Tab1 e 5 . 1  - 1 . Numerical  Summary 
Dimensions : 
P i n h o l e  Size:  
F i  ber O p t  i c : 
Lamp S t a b i l i t y :  
I n t e n s i t y  Range: 
1 
I 





I n t e n s i t y  C o n t r o l :  
Number of  S ta rs :  
Power Requi rements :  
A u x i l i a r y  Power S u p p l i e s :  
Base: 60.96 cm x 60.96 cm 
Heigh t :  40.64 cm 
8 m i c r o n s  
Siecor 50 micron  104-005004 
mult imode f i be r  w i t h  SMA 
c o n n e c t o r s  ( a p p r o x .  182 cm) 
Tungs ten :  b e t t e r  t h a n  1 %  
Xenon: be t te r  t h a n  1 %  
Red b Yellow ( T u n g s t e n )  
Blue /Whi te  (Xenon) 
(see s e c t i o n  2.3) 
-1 M V  t o  +10 M V  
- 2  M V  t o  +10 M V  
Schot t  BG 1 2  and Bg 39 f i l t e r s ,  
25 mm diameter, w i t h  manual 
f i l t e r  wheels ( i n d e p e n d e n t  
c o n t r o l ) .  The f i l t e r  wheels  
have  t h e  o p t i o n s :  
A.  No f i l t e r  D. Expans ion  
B. BG 39 E. Expans ion  
C.  BG 39 x BG 1 2  
N e u t r a l  d e n s i t y  f i l t e r s  w i t h  
s teps  of 0.2 (Mv s t e p s  of 0 . 5 )  
w i t h  manual two s tage f i l t e r  
wheel .  
3 
115 VAC,  60 Hz. 
Xenon a r c  lamp: Model RPS300-1 ( I L C )  
Power r e q u i r e m e n t s :  115/230 Vac, 50/60 Hz. 
Weight : 1 6  kgs 








Tungs ten :  Model X6395 ( O r i e l )  
Power r e q u i r e m e n t s :  115 Vac, 50/60 Hz. 
Weight: 13 kgs 
Dimensions: 17.2 x 18.6 x 17.8 cm. 
Star  Par ame t e r  s : 
Number of Stars 3 
Star C o n f i g u r a t i o n  I s o s c e l e s  R i g h t  T r i a n g l e  
S t a r  Spac ing  2.54 cm 
Sta r  Diameter 8 mic rons  
T r a n s 1  a t  i o n  Stage Pa rame te r s  : 
Nominal S t e p  Size 1.0 mic rons  (0 .063  arcsec)  
Range of Motion 12 .7  cm ( 2 . 2  degrees)  
Maximum Rate 5.08 cm/second 
Computer I n t e r f a c e  IEEE 488 
Measurement System Parameters (HP Manual S p e c i f i c a t i o n s ) :  
R e s o l u t i o n  0.01 mic rons  (0.00063 
Accuracy - + 1.5  ppm 
Range Greater t h a n  12.7 cm 
Computer I n t e r f a c e  I E E E  488 
Update  R a t e  4O/second 
ar c seconds  
Maximum Dimensions: LxWxH (cm) 
Breadboard 81.28 x 63.5 x 22.9 
T r a n s l a t i o n  Stage 
Con t r  011 er 58.42 x 48.26 x22.9 
Measurement System 
D i s p l a y  45.72 x 22.9 x 20.32 
























6 .  Appendix A :  Recommendations f o r  F u r t h e r  Work 
The S t a r  S i m u l a t o r  produced  u n d e r  t h i s  c o n t r a c t  p r o v i d e s  a 
ve r sa t i l e  t o o l  for breadboard  and  c a l i b r a t i o n  e x p e r i m e n t s  of 
s t a r  tracker s y s t e m s .  As w i t h  a n y  t e s t  f i x t u r e ,  a d d i t i o n a l  
o a p a b i l i t i e s  c o u l d  be a d d e d ,  and t h e  m o d u l a r i t y  of t h i s  d e s i g n  
makes i t  p r a c t i c a l  t o  c o n s i d e r  u p g r a d e s .  
O p t i o n s  for f o l l o w - o n  a c t i v i t i e s  i n c l u d e  
1 .  
2 ,  
3 .  
4, 
5 .  
Vacuum u p g r a d e  of t h e  t r a n s l a t i o n  stage by r e p l a c i n g  t h e  
t r a n s l a t i o n  s tage motor  wi th  a vacuum prepared u n i t ,  a n d  t h e  
a p p r o p r i a t e  i s o l a t i o n  of t h e  HP l aser  head and  t h e  l i g h t  
s o u r c e  assembly  i n  ambient p r e s s u r e  c o n t a i n e r s ,  
Upgrade of t h e  t r a n s l a t i o n  s y s t e m  f rom a one  d i m e n s i o n a l  t o  
a two d i m e n s i o n a l  s t age ,  
M o t o r i z a t i o n  and  computer c o n t r o l  of t h e  f i l t e r  wheel 
assemblies f o r  u n a t t e n d e d ,  a u t o m a t i c  t e s t  o p e r a t i o n ,  
S p e c t r a l  o u t p u t  c h a r a c t e r i z a t i o n  of t h e  e x i s t i n g  f i l t e r s  
(which c o u l d  be done w i t h  K o d a k ' s  u n i t ) ,  and  s e l e c t i o n  of 
a d d i t i o n a l  f i l t e r s  or f i l t e r  c o m b i n a t i o n s  f o r  t h e  two 
e x p a n s i o n  s l o t s ,  a n d  
P r o d u c t i o n  of a d u p l i c a t e  backup u n i t .  
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